
Copyright@ Siniša Franjić | Biomed J Sci & Tech Res | BJSTR. MS.ID.007350. 37422

Research Article

ISSN: 2574 -1241              DOI: 10.26717/BJSTR.2022.46.007350

Innate Immune Systems Provide Strong Defense 
Against Infections  

Siniša Franjić*
Independent Researcher, Europe

*Corresponding author: Siniša Franjić, Independent Researcher, Europe

ARTICLE INFO ABSTRACT

Received:  September 17, 2022

Published:  September 27, 2022

Citation: Siniša Franjić. Innate Immune 
Systems Provide Strong Defense Against 
Infections. Biomed J Sci & Tech Res 
46(3)-2022. BJSTR. MS.ID.007350.

The innate immune system protects the host from infections. It includes cells that 
immediately recognize and respond to pathogens. The innate response of the immune 
system is not specific: it reacts in the same way to all pathogens it recognizes. Unlike 
the adaptive immune system, the innate system does not provide long-term immunity 
against specific infections. Innate immune systems provide immediate defense against 
infections.
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Introduction
The innate immune system provides the primary line 

of immunological defence against infection [1]. The innate 
immune system is distinct form the adaptive immune system 
and is characterized by several key factors. innate immunity 
relies on generic protection using molecules and receptors that 
are somatically expressed and phylogenetically conserved. In 
other words, the molecules and receptors of the innate system 
are considered to be non-specific, providing a broad range of 
protection. For this reason the innate immune system is usually 
referred to as providing natural immunity. Elements of natural 
immunity are found throughout the whole animal kingdom, 
from simple invertebrates to the more complex vertebrates. This 
differs from the adaptive system , which is only found in higher 
vertebrates and utilizes receptors that are highly specific for a 
specific antigen and permit adaptation and increased specificity  

 
to an infectious pathogen. Unlike the adaptive system, the innate 
immune system doesn’t afford immunological memory or provide 
long lasting protection against infection. The principal components 
of the innate immune system include physical barrier defence (e.g. 
skin and mucosal epithelia), chemical barriers (e.g. antimicrobial 
peptides and reactive oxygen species), innate immune cells (e.g. 
granulocytes, monocytes, DCs and NK cells), components of 
humoral immunity (e.g. complement factors and innate antibodies) 
and associated cytokines. Although innate and adaptive immunity 
are readily separated on the idea of differing functionality, there’s 
considerable interaction between the two systems.

The functions of the innate immune system are therefore 
diverse. This includes the prevention of pathogens from entering 
the body through the formation of physical barriers and therefore 
the refore the release of antimicrobial mediators; the prevention 
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of the spread of infections by the activation of the complement 
cascade and other humoral factors; the removal of pathogens from 
the body through mechanisms of phagocytosis and cytotoxicity; 
and eventually the activation of the adaptive immune system 
through the synthesis of cytokines and the presentation of antigens 
to T cells and B cells. These innate immune functions can vary 
between different tissues. All multicellular organisms, including 
humans, have developed the use of a limited number of germ line–
encoded molecules that recognize large groups of pathogens [2]. 
Due to the myriad human pathogens, host molecules of the human 
innate immune system sense “danger signals” and either recognize 
PAMPs (pathogen-associated molecular patterns), the common 
molecular structures shared by many pathogens, or recognize host 
cell molecules produced in response to infection like heat shock 
proteins and fragments of the extracellular matrix. PAMPs must 
be conserved structures vital to pathogen virulence and survival, 
like bacterial endotoxin, in order that pathogens cannot mutate 
molecules of PAMPs to evade human innate immune responses. 
PPRs are host proteins of the innate immune system that recognize 
PAMPs or host danger signal molecules. Thus, recognition of 
pathogen molecules by hematopoietic and nonhematopoietic cell 
types results in activation/production of the complement cascade, 
cytokines, and antimicrobial peptides as effector molecules. 
additionally, pathogen PAMPs and host danger signal molecules 
activate dendritic cells to mature and to precise molecules on the 
dendritic cell surface that optimize antigen presentation to reply to 
foreign antigens.

System

The immune system is composed of a complex network of 
cells, molecules, and tissues with intricate interactions [3]. The 
immune reaction are often divided into the innate immune reaction 
and therefore the adaptive immune reaction. the weather of the 
innate system are encoded in a fixed way in our bodies. The innate 
immune system doesn’t develop a specific response to an infective 
agent. It relies on a limited and invariant repertoire of receptors 
to acknowledge microorganisms. The innate immune reaction can 
discriminate between self and nonself, and thus is in a position to 
make a decision when to launch an attack. Often the innate immune 
system can affect invaders that breach the skin, the mucosa, or the 
airways. When it senses a far off pathogen that it cannot contain, 
it mobilizes the adaptive immune system. The adaptive immune 
system develops a selected response to a pathogen. B cells produce 
specific antibodies for antigens on the pathogens. An antibody 
may be a protein that binds specifically to its antigen. An antigen 
is any substance which will be recognized and skilled by the 
adaptive immune system. T cells develop the power to kill specific 
pathogens and to assist B cells produce specific antibodies. Naive 
T cells move continuously round the body and thru the varied 

lymphoid tissues. Antibodies and T cells both bind antigens at 
receptors that are specific to the antigen. an almost infinite range 
of specificities of antigen receptors of antibodies in B cells and in T 
cell receptors are encoded by a small set of genes by an irreversible 
rearrangement of segments of the genes. Each cell expresses a 
unique receptor specificity that stays with its offspring. Cells of at 
least 108 different specificities are available in an individual at any 
one time. The adaptive immune system has the power to recollect 
its first encounter with a pathogen. When the pathogen invades the 
body again, the secondary response is far more rapid and far more 
intense. The adaptive immune response and its memory provide 
the rationale for immunization. the overall idea is to prime the body 
with immunization to be able to meet the invader with a swift and 
aggressive response.

As against innate immunity, adaptive immunity is specific 
[4]. So as to recognize “uncommon” microbial structures, this 
technique must generate enough diversity (at the level of both B- 
and T-cell receptors, BCR (B-cell receptors), TCR (T-cell receptors)) 
that it can deal with rapidly growing, and unpredictably changing 
microbes. During coevolution, we survived because our adaptive 
immunity learned to generate, from limited sets of germ-line genes, 
more diversity than microbes can ever generate (this is taken 
into account together of the foremost sophisticated biological 
phenomena). In other words, since the system had to predict the 
unpredictable (microbial behavior), it had to have the capacity 
to get ~1014 antibodies and ~1018 TCRs. If you think that 
adaptive immunity is exaggerating this issue consider these facts: 
In humans, the microbiota comprises an outsized population of 
diverse bacterial species present within the oral cavity, within the 
upper respiratory and digestive tracts, within the vagina, and on 
the skin. Approximately 1014 microorganisms are present within 
the colon alone. This number is one order of magnitude above the 
combined number of somatic and germinal cells that compose the 
human body. Thus, this metagenome is 100 times superior to the 
human genome. Exhaustive genomic analysis recently unraveled 
the wealth of genomic diversity of the human gut microbiota. most 
recent findings stress the dynamics of genomes in their acquisition 
and loss of virulence genes and gene clusters like pathogenicity 
islands. No doubt, the adaptive power of immunity has got to match 
that of microbes.

Cells

The reason why cells of the innate system are considered to 
supply non-specific immunity is thanks to the character of their 
receptors [1]. Cells of the innate system are ready to recognize 
distinctive molecular structures that are synthesized by foreign 
pathogens. Moreover, these molecular structures are only produced 
by viruses, bacteria, fungi or parasites and aren’t found on cells 
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derived from the host. Innate immune cells can therefore determine 
the difference between foreign organisms and self-tissue, supported 
the overall structure of pathogen molecules. The response of innate 
immune cells to foreign molecules is far an equivalent, in order 
that the popularity of an equivalent molecular patterns leads to 
the activation of comparable signalling pathways and therefore 
the induction of innate immune mechanisms, hence the non-
specificity. Immunological specificity arises from receptors that 
are expressed on cells of the adaptive system, like T cell receptors 
and B cell receptors. Importantly, there’s a link between the innate 
and adaptive system s. Induction of natural immunity leads to the 
recruitment and activation of adaptive immune cells. The immune 
reaction as an entire therefore provides a scientific means of 
defending against invading pathogens. Recognition of pathogens 
leads to the activation of innate immune cells and therefore the 
induction of innate defense mechanism, while at an equivalent time 
it induces the expression of mediators that activate the adaptive 
system. Innate immunity can therefore be divided into recognition 
mechanisms, effector mechanisms and induction mechanisms.

Dendritic Cells

What happens when an individual is infected by a pathogen for 
the first time? The innate immune system begins acting immediately. 
Immature dendritic cells distributed throughout the body function 
sentinels of infection [3]. Dendritic cells have long tentacles and 
migrate round the body and into tissues, continually ingesting 
large amounts of extracellular fluid. they will distinguish self from 
nonself within the material they ingest. once they encounter a far-
off pathogen, several things happen. The dendritic cells become 
mature dendritic cells, capable of presenting the antigens of the 
pathogen to naive T cells. That is, the mature dendritic cell becomes 
an antigen-presenting cell, a link between the innate and adaptive 
immune system. Macrophages, literally “big eaters “, and neutrophils 
also are cells that ingest and digest pathogens that are capable of 
presenting antigen to cells as a part of the link between the innate 
and adaptive immune reaction. Sometimes the dendritic cells, 
macrophages, and neutrophils are ready to contain small invasions 
within the immediate phase of the innate immune reaction.

Inflammation is another local response to infection of the 
innate immune system that happens after a couple of hours. This 
a part of the innate immune reaction is communicated by proteins 
secreted by the cells. Chemokines are proteins secreted by cells that 
attract other cells with chemokine receptors into the infected area. 
Cytokines are proteins secreted by cells that affect cells accessible 
with the right receptors. In inflammation, the chemokines released 
by the macrophages recruit more cells of the innate immune system 
into the area. Once the antigen-specific cells of the adaptive system 
are created, they too will follow the chemokines to the infected 
area to intensify the attack. Inflammation causes redness, soreness, 

swelling, and heat round the area of infection. Local inflammation 
at the injection site may be a common side effect of vaccination.

Immunodeficiency

Molecular anomalies within the genes of some receptors, 
cytokines, signaling molecules, and enzymes of lymphocytes 
and other cells transmitted by heredity cause extremely 
decreased functions of innate and adaptive immunity, primary 
immunodeficiencies, and major primary immunodeficiencies [5]. 
However, some gene’s anomalies don’t result in fatal consequences 
and should be termed as “minor” primary immunodeficiencies. 
Primary immunodeficiency diseases number at least 176 hereditary 
disorders that are thought to be individually rare. The frequency 
of occurrence of primary immunodeficiencies is estimated to be 
104, but the actual prevalence and incidence of those diseases and 
syndromes remain unclear. for instance, for Europe, only about 
15,000 cases were registered (2.27%) to 2013, whereas the upper 
estimate was 638,000 cases. Therefore, proper epidemiologic 
studies are required. For the precise diagnosis of any primary 
immunodeficiency, the right molecular biological and genetic tests 
might got to be ordered because certain gene anomalies would need 
to be revealed. These techniques are the Northern blot, fragment 
length polymorphism (RFLP), polymerase chain reaction (PCR), etc.

Minor primary immunodeficiencies are relatively benign and 
not life-threatening. At birth, a baby has 100% of maternal IgG. The 
maternal antibodies degrade between the third and fifth months 
during a period called physiological hypogammaglobulinemia. By 
the sixth month most babies have already synthesized about 1/3 
of their self IgG, then they progressively save more. In some cases, 
the IgG synthesis is retarded up to 4–6 years to develop transient 
hypogammaglobulinemia of infancy. Gene mutations are unknown. 
Such babies and toddlers may suffer from recurrent infections 
including severe abscesses and must need a correct therapy, which 
includes antibiotics, immune enhancement medications, and 
sometimes surgical manipulations and operations. Meanwhile, 
the transient hypogammaglobulinemia of infancy is benign and 
eventually leads to recovery when those children are at the age of 6 
years. Secondary immunocompromised conditions may result from 
HIV infection, malnutrition, post-traumatic stress disorder, aging 
and immunosenescence, radiotherapy , particular medications 
(e.g., immunosuppressive drugs after graft transplantation, disease-
modifying antirheumatic drugs, chemotherapy in malignancies, 
prolonged corticosteroid therapy, etc.), many sorts of cancer 
(leukemias, lymphomas, etc.), protein-losing enteropathy, burns, 
uremia, loss of lymphoid organs (e.g., splenectomy, appendectomy, 
resection of the tiny intestine containing Peyer’s patches, etc.), 
and a few autoimmune diseases and other disorders. Interestingly, 
the highperformance sports are in danger of occurrence of the 
secondary immunocompromised condition.
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The type and extent of immunosuppression can often 
predict the spectrum of organisms that cause infections in 
immunocompromised patients [6]. Hence, it’s important to first 
become conversant in the kinds of immunodeficiencies and 
therefore the defects they cause in host-defense mechanisms. 
These mechanisms include 

1) Mechanical defense barriers, 

2) Innate immunity and cellular host defense, 

3) Humoral immunity (HI), and 

4) Cell-mediated immunity (CMI). 

Once the sort of an immunodeficiency is identified, the foremost 
likely causes of infections are often established and therefore the 
approach to diagnosis and management of those infections can 
then be more specifically directed. It should even be remembered 
that the majority immunocompromised hosts will have more than 
1 type of defect of host defense and immune function.

Harnessing

Antibodies, whether naturally occurring or engineered for 
therapeutic antitumor purposes, can exact some of their effect 
by activating and enhancing the human body’s own immunologic 
mechanisms [7]. the foremost conventional methods of utilizing 
mAb technology involve direct activation of antibody-dependent 
cellular cytotoxicity (ADCC) and complement-dependent 
cytotoxicity (CDC). These innate immune effector pathways are well 
established as important, and sometimes primary, mechanisms by 
which mAbs can exert antitumor effects - a minimum of within the 
laboratory setting. There has been much controversy about what 
proportion of a task these immune effector mechanisms play in vivo. 
Despite this, the first research of newer agents continues to point 
to those mechanisms playing a central role in antitumor function. 
Direct activation of the body’s own cytotoxic mechanisms at the 
level of the tumor cell isn’t the only way mAbs are taking advantage 
of innate immunity. Another approach becoming more commonly 
explored involves targeting the effector cells that structure the 
innate tumor-suppressive microenvironment. It’s becoming 
increasingly clear that via various mechanisms, malignancies often 
evade immune-system recognition through suppression of effector 
T cells. By manipulating the activation, suppression, recognition, 
and overall population of varied cells and receptors involved in 
tumor cell recognition, mAbs could also be utilized to reprogram 
the system to more effectively target cancer cells or the tumor 
microenvironment.

In many cases, there’s considerable overlap in an antibody’s 
ability to activate different pathways and cell types. This is, of 
course, often an advantage for therapeutic efficacy, but can be quite 
problematic for strict academic categorization. for instance, the 

chimeric anti-CD20 antibody rituximab, approved both as one agent 
and to be used with cytotoxic chemotherapy within the treatment 
of the many B-cell malignancies, has been shown within the 
laboratory setting to potently activate both the direct and indirect 
innate immune pathways while inducing B-cell destruction. The 
role of those mechanisms in patients is implied, but less clear. While 
the importance of complement activation in its clinical efficacy 
isn’t without controversy, the example of rituximab underscores 
the problem in strictly categorizing an individual mAb into one 
precise mechanistic definition. Additionally, as is usually the case 
with investigational compounds created as ligands to a selected 
receptor, truth mechanism (or mechanisms) of action might not be 
fully elucidated even after gaining approval to be used.

Defence Mechanisms

Several defence mechanisms exist that are able to attack 
invading pathogens without prior activation or induction [8]. They 
preexist altogether individuals and don’t involve antigen-specific 
immune responses. Hence they’re mentioned as components of the 
innate immune system. Among these components, granulocytes, 
macrophages and their relatives play a crucial role, especially 
during the first phases of the immune reaction . Surface epithelia 
constitute a natural barrier to infectious agents. A one-celled 
layer separates our body from our intestinal microbiome, which is 
comprised of many trillions of bacteria. aside from the mechanical 
barrier, surface epithelia are equipped with additional chemical 
features that help to restrain microbial invasion. counting on the 
anatomical localization, such factors include fatty acids (skin), low 
pH (stomach), antibacterial peptides (defensins; intestine) and 
enzymes (e.g. lysozyme; saliva). Antimicrobial peptides (AMPs) 
are recently identified as a crucial a part of the innate immune 
system. additionally to constitutively expressed AMPs, β-defensins 
are inducibly expressed in cells of the innate system. Invading 
microorganisms are sensed by surface receptors which recognize 
physico-chemical entities that are both unique for and shared 
by microbial pathogens. These entities are termed pathogen-
associated microbial patterns (PAMPs).

The receptors for PAMPs, often mentioned as pattern 
recognition receptors (PRRs), include the Toll-like receptors 
(TLRs) as best known cognates. TLRs not only react with the 
microbial pathogens but also transduce signals into the host 
nucleus causing the prompt activation of host defence. thanks to 
major research efforts, the realm of PRRs is rapidly increasing. The 
TLR family alone comprises around 10 different receptors. Other 
PRR families include the scavenger receptors and therefore the 
intracellular nucleotide-binding oligomerization domain (NOD)-
like receptors that are coupled to molecular signalling platforms 
termed inflammasomes.Interactions between PAMPs and pattern 
recognition receptors have evolved to be recognized by components 
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of natural immunity and thereby control the survival and infectivity 
of those microbes [9]. Thus, innate immunity comprises a highly 
effective defense mechanism because a microbe cannot evade 
innate immunity just by mutating or not expressing the targets of 
innate immune recognition. Microbes that don’t express functional 
sorts of these structures are unable to infect and colonize the host. 
In contrast, microbes frequently evade adaptive immunity by 
mutating the antigens that are recognized by lymphocytes, because 
these antigens are usually not required for the survival of the 
microbes.

Stressed or necrotic cells release molecules that are recognized 
by the innate immune system, and these cells are eliminated by 
the next innate immune response. Such molecules are classified 
as damage-associated molecular patterns (DAMPs). The receptors 
of the innate immune system are encoded within the germ line 
and aren’t produced by somatic recombination of genes. Somatic 
recombination may be a mechanism wont to generate diversity 
in antibody production by the rearrangement of DNA segments 
in B cells during their differentiation, a process that involves the 
cutting and splicing of immunoglobulin genes. The germ line-
encoded pattern recognition receptors for DAMPs have evolved 
as a protective mechanism against potentially harmful microbes. 
In contrast, the antigen receptors of lymphocytes, i.e., antibodies 
on B cells and T-cell antigen receptors on T cells, are produced by 
random recombination of receptor genes during the maturation 
of those cells. Gene recombination can generate more structurally 
different receptors than can be expressed by inherited germ line 
genes, but these different germ line-encoded receptors cannot 
harbor a predetermined specificity for microbes. Therefore, the 
specificity of adaptive immunity is far more diverse than that of 
innate immunity, and therefore the adaptive system is capable of 
recognizing more chemically distinct structures.

The innate immune system isn’t permitted to react against 
self, because it is specific for microbial antigens and mammalian 
cells express regulatory molecules that prevent innate immune 
reactions. within the adaptive immune system, lymphocytes 
evolved to be functionally specific for foreign antigens, while they 
die after encountering self-antigens. Equivalent responses by 
innate immune cells are obtained upon primary and subsequent 
encounters with microbial antigens, whereas the adaptive 
system responds more efficiently to every successive encounter 
with a microbe during repeated or persistent infections. Thus, 
immunological memory may be a key property of the adaptive, 
but not innate, immune system. The innate response is immediate 
and not specific, with cells including macrophages and therefore 
the complement cascade within fluids becoming activated when 
antigens are detected [10]. Some innate immune cells have pattern 
recognition receptors (PRRs) that recognise specific pathogen-

associated molecular patterns (PAMPs) that aren’t in humans but 
are found on the surfaces of viruses, bacteria, fungi and protozoa; 
this enables for immediate recognition that these are non-self and 
thus should be eradicated. Whilst the immediate response is broad 
and quick acting, not targeting specific threats means there’ll be 
those pathogens that are immune to this first line of defence due to 
their own innate and adaptive mechanisms of self-preservation. The 
adaptive response is specific to one antigen. Antigens are haunted 
by dendritic cells within tissues and presented to the lymphocytes 
in lymphoid tissue, but this suggests there’s a delay within the time 
between exposure to the antigen and therefore the response. The 
innate response is critical during this point in providing protection. 
Antigenspecific lymphocytes within the lymphoid tissue become 
activated and proliferate. These cells and therefore the antibodies 
they produce will then attack the pathogens with the associated 
specific antigens. Most of those defensive cells will die off after they 
need performed their defensive role, but some will remain within 
the sort of memory cells. Memory cells allow a quicker response 
should an equivalent threat be met again, rapidly producing 
antigen-specific antibodies.

Nonspecific defense mechanisms are present altogether normal 
individuals [11]. They’re effective at birth and function without 
requiring prior exposure to a microorganism or its antigens. They 
include physical barriers of skin and mucosal surfaces, which 
give our first line of defense, chemical barriers (e.g., gastric acid, 
digestive enzymes, bacteriostatic fatty acids of the skin), phagocytic 
cells, and therefore the complement system. Complement plays a 
serious role in initiating the inflammatory response, clearing 
immune complexes, modulating immunoglobulin production, 
opsonizing microbial pathogens, and killing certain Gram-negative 
bacteria. innate immunity refers to the all-purpose, immediate 
antimicrobial response that happens no matter the character of 
the invader. for instance , natural killer cells roam our system and 
engulf and digest foreign cells they encounter. This response serves 
to fight the infection after initial exposure, pending development of 
adaptive immunity.

Conclusion
Immunity is often mentioned by people believing that they 

know enough about what stimulates, strengthens or weakens it. 
These are networked reactions of the body to certain phenomena 
that together form the body’s immune system. Due to the fact that 
we can influence the immune system ourselves, it is important 
to be informed about the most important defense system of our 
organism. Adequate knowledge about what immunity is and how it 
works also represents good health prevention.
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